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FOREWORD
Fire is an integral component of but also a major disturbance factor in the Euro-Mediterranean
region. Despite the decreasing trend in both fire frequency and area burned observed recently,
efficient and improved fire prevention and suppression measures are needed for protecting lives,
the environment and natural and cultural heritage, especially under expected alterations in the fire
regime due to climate and socioeconomic changes. Roads are the main means of access to the
forest, but a gradual reduction in activity in the rural environment has led to a decrease in
knowledge about this network. The construction of forest roads lacks common guidelines.
Furthermore, forest roads have not been subjected to classification with respect to firefighting
aspects. Their design and construction features are therefore highly variable. In many cases they
are only accessible by off-road vehicles such as SUVs. Thus, large areas of this intricate network are
unreachable by emergency vehicles. The lack of this knowledge makes it difficult to implement
technological advances to improve the effectiveness of the emergency response. Consequently, the
main objective of the FORCIP+ project (Forest Roads for Civil Protection, GA No.
ECHO/SUB/2015/718661/PREP20) is to improve the use of the rural road network in case of
emergencies, with particular emphasis on forest fires.
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EXECUTIVE SUMMARY
This document gives a high level summary of the FORCIP+ approach. It describes the basic concepts,
relating to information needs, data acquisition approaches, as well as the road and vehicle
classification. Subsequently the FORCIP+ system is defined in terms of data model, data acquisition
and data management. An overview is given of the network analysis methods for route
optimization. The ICT tools developed for the FORCIP+ are described and users’ manuals are given
in the appendices. Finally the lessons learned are given for each participating country.
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1 INTRODUCTION
FORCIP+ (Forest Roads for Civil Protection, GA No. ECHO/SUB/2015/718661/PREP20, EC
contribution 400,231 EUR) was an 18-month cooperative European project co-funded by the ECHO
European Commission Unit (European Civil Protection and Humanitarian Aid Operations) and
realized between January 2016 and July 2017. The project was an initiative developed in the field
of prevention and preparedness in civil protection. FORCIP+ aimed to improve the knowledge of
the rural forest road network through digital mapping and thus improve the use of the rural forest
road network in case of emergency, especially forest fires.
The partnership brought together the expertise and experience necessary to cover the challenges
laid out in the project. The consortium was comprised of The Aristotle University of Thessaloniki –
Greece (Coordinator), Office National des Forêts – France, Universita degli Studi di Firenze – Italy,
The Slovenian Forestry Institute – Slovenia and Fundación Cesefor – Spain.
Through this transnational cooperation and a wide range of initiatives, various demands related to
firefighting emergencies were met. Information and communication technology (ICT) applications
were developed to improve efficiency in case of emergency and to establish a classification scheme
to ensure a common understanding of road and vehicle characteristics in different areas. Forest
firefighting vehicles were equipped with GNSS receivers in order to improve response time and
increase fuel savings. Fire specialists are better able to use network analysis for resource planning,
locating the most suitable places for staging areas or identifying forest areas that require more time
to access.
FORCIP+ results include:








11

Model characterization data of the rural road network that meet the requirements for use
in public emergencies, especially those related to firefighting.
Actual field inventory of pilot areas in the regions involved and their inclusion in a GIS.
GIS analysis of the obtained data and examples of how the efficiency of the emergency
response was improved through the network analysis tools.
Good practices guidelines on the construction and maintenance of rural road
infrastructure.
Project implementation guide to facilitate the transfer of this information to different areas
(this document).
ICT applications: GNSS/GPS system, ground resources management app, data update
system.
Project website including a cartographic viewer with OGC services for data interoperability:
public use information dissemination and road alert system.
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2 REQUIREMENT ANALYSIS AND ROADMAP FOR IMPLEMENTING
THE FORCIP+ APPROACH
An important component for the successful implementation of the FORCIP+ project and the
development of a solution was a requirement analysis for specifying the data parameters to be
included in the forest road geospatial database, the procedure for acquiring and gathering these
data as well as the software and hardware components of the overall solution. A review of the
available approaches and methodologies facilitated the selection and implementation of the
approach to fulfill the requirements.
Regarding the geospatial data on the forest road network, the requirement analysis included an
identification of users’ information needs in terms of the forest road network and the subsequent
definition of an appropriate conceptual data model. Users’ needs (civil protection, fire department
and forest service) relate to road data collection that could contribute to effective fire management
(prevention and suppression). There is also a need for efficient and cost-effective inventory
procedures that minimize the time and cost of the data collection process.
Civil protection agencies, the fire department and the forest service also require data at specific
inventory units at a level of detail that allows them to implement appropriate spatial analysis (i.e.
network analysis, resource allocation, etc.) and decisions. Additionally, the requirements stipulate
that the data is updated regularly and kept current, and that new details and information can be
added if needed in subsequent update phases.
The data model design represents the first step in the implementation of a forest road inventory. It
is a prerequisite for the forest road geodatabase. The data model design process progresses from
the design of the logical levels of the schema and the subschema to the design of the physical level.
The logical data model specifies data organization and its relationships, while the physical data
model consists of a detailed view of the data type and its description as well as the database-specific
implementation of the logical data model defined. An important requirement determined within
FORCIP+ is the design of a common data model that takes into account user needs across countries
and contributes to the standardization of the firefighting process and interoperability of civil
protection agencies across regions. This requirement ensures that firefighting units from different
countries or areas involved in cross border firefighting intervention have a proper understanding of
the conditions, characteristics and firefighting capacity of the road network.
Also significant is the design and adoption of a data model that allows data elements within the
database to be stored in the form of simple tables – a solution that meets the requirements for an
easier update process. The relational structure consisting of a basic table (core of the inventory)
and additional (optional) related tables for completing the information about roads can likely satisfy
these requirements. Defining the appropriate unit of the inventory (sampling interval or road
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segment) is also important since it determines trade-offs among the costs associated with data
collection, storage, processing, updating and effectiveness.
The storage of the data collected must be carefully considered since future applications depend on
it; the data display and the degree of difficulty of the data update must be anticipated. Instead of
using proprietary formats to store spatial data or any other file storage, it is more useful to use an
open format spatial database.
Apart from being open source, the GIS file format and the database system should allow the data
to be centralized in a unique repository, facilitate data distribution, allow for topology integration,
facilitate easy updating of the data, allow for simultaneous access to the data and enable map
server implementation.
Due to the European dimension of the project and according to the guiding principle of
standardization, a series of specifications and metadata should be considered with regard to the
spatial data of the inventory (http://inspire.ec.europa.eu/).
Spatially explicit knowledge of the forest road network is also a prerequisite for a field inventory on
firefighting related attributes. Existence of such information is important for scheduling activities,
estimating costs, allocating field crew members and route planning. Identifying and preparing base
cartography to be used in the field requires the selection of the roads to be inventoried according
to the objectives of the project. For firefighting purposes, all roads accessible by at least a light
firefighting vehicle (off-road vehicle) should be considered. This requirement is valid regardless of
the owner, type or function of the road.
We determined that it is common for multiple datasets to exist over a given area. In this case, or
even in the case of a single dataset, extensive pre-processing is required. Thus, there is a
requirement for validating/updating/completing existing road base information, and identification
of available, contemporary geo-referenced image data of the earth’s surface from either satellite
or airborne sensors is useful prior to carrying out this task. In addition, there is a need for open
source GIS software that provides tools for spatial adjustment, editing, georeferencing, reprojecting and exporting the road network in mobile devices with a GNSS for positioning and
planning.
For the actual field survey, there is a requirement for a mobile device (tablet) that can run an
application for field data collection as well as run ICT applications.
The tablet should provide a good balance between portability and productivity. Such devices are
not as easy to use with one hand as smaller ones, but they are still adequately light and compact,
and they have a better display. There is also a requirement for a built-in GNSS sensor, as well as an
option for adjusting an external receiver.
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To ensure the sustainability of the road inventory project, the tablet should rely on open source
software, and any applications developed as part of the road inventory project should be able to
be uploaded over cloud libraries for dissemination and transparency.
There is also a requirement for an application where the base cartography must be uploaded and
allow for road characterization through customized forms. This application should support the
incorporation of remote sensing imagery off-line, geo-positioning, customized forms and sending
the collected data to a central server. Of course, there is also a need for specialized software that
could be used for off-line cartography as an addition to the device to be used in the field.
To assemble the collected data into a central repository (server) as well as to develop customized
open source forms over the Internet, an application service and web service is also needed. After
the data is sent to the central server there is a need for a spatial database extender that will meet
the requirements not only of maintenance and data integrity but also those related to sharing and
distribution of information tools designed to import and export data. The selected extender should
also be compatible with open source GIS software (for editing/viewing spatial data) as well as with
open source mapping servers according to OGC mapping standards.
A spatial web server is also required for information sharing and distribution to end users such as
the civil protection, fire department, forest service and volunteers (publish as WMS, export and
download). An open source library for displaying map data in web browsers is also required.
Finally, there is a requirement for adequate training of staff in mobile data collection and IT
technologies. The staff should also be familiar with the forest environment and firefighting
concepts.

14

FORCIP+ ECHO/SUB/2015/718661/PREP20 11-12/02/2016

3 CONCEPTS
3.1 Information needs
When focusing on forest fire emergencies, two aspects immediately arise: the firefighting
apparatus/equipment involved in the emergency and the road system used by this
apparatus/equipment. The road network is used in the prevention stage (surveillance, staging
areas, etc.) and in the extinguishing stage; therefore, a good understanding of this network is
essential.
However, rural roads have not been subjected to classification or standardization, and their design
varies depending on the final purpose for which they were built. Thus, field data collection has to
focus on the characteristics that determine the road’s suitability for use in an emergency. In order
to be useful rural roads should possess the following characteristics:




Allow emergency vehicles with full water load to access forested areas and safety
evacuation areas.
Provide water-supply infrastructure and allow the specific tasks for wildfire suppression.
Allow communication among teams and command centers.

In addition, other infrastructure or constraints have to be taken into consideration since the
presence of barriers or bottle necks affect the emergency response and must be included in the
analysis.
In order to meet the information requirements the following data must be considered:
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Firefighting Traffic Capacity of the road (FTC): defined as the capacity of the road to
accommodate various types of emergency vehicles. The vehicle classification is directly
linked to the traffic capacity (see traffic capacity classification).
Additional structural parameters of the road: it is not mandatory in the project but
complement the information implicit in the fire traffic capacity. The following attributes
provide a clear overview of the road network status and condition:
o Carriageway surface
o Carriageway condition
o Width
o Maximum slope
o Minimum turning radius
With the purpose of displaying possible emergencies or warnings in the project’s public
information system, road restrictions are also taken into account.
Since the infrastructure associated with roads can also determine the success of the
intervention, the following list of information is included in the data acquisition:
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o
o
o

For forest fires the presence of water is crucial; thus, the spatial position of water
points and hydrants is collected.
Traffic infrastructure: passing places and U-turn places are included in traffic
capacity definition.
Limiting events or potential bottle necks are also covered, since they can affect the
normal traffic circulation: bridges, tunnels, barriers and others are included.

Taking into account all of the above, the data model comprises of a line data layer with the FTC
attribute as the core of the dataset, with two other related tables for each segment which describe
the structural characteristics and the possible restrictions as optional information.
As complementary information the data model also includes the following point data layers: water
points, hydrants, passing places, U-turn places and bottle necks. The most important aspects of
these point layers is their spatial position and date of collection, but the type of bottle neck or the
vehicle in a U-turn place are also considered, as is the capacity (liters) in the case of a water point.

3.2 Forest road data acquisition approaches
Several approaches can be used for forest road database generation and updating, such as existing
database integration, GPS field surveys, manual delineation through visual interpretation of remote
sensing data, and automatic or semi-automatic remote sensing data analysis.
GPS field surveys currently represent the most common method for updating information on forest
roads. However, this approach is usually time-consuming and may not guarantee a complete road
map due to access restrictions across property boundaries, unknown road locations, and limitations
in GPS signal reception, particularly under a dense forest canopy. As an alternative to field data
acquisition, we can also adapt existing databases or acquire new data based on remote sensing.
3.2.1

Field data acquisition

Fieldwork and data collection is very important in many scientific domains. Examples include
surveying, environmental monitoring and forest agriculture. Such efforts take a great deal of time
and methodical planning and implementation. The traditional methods of field data collection and
updates using paper maps are time-consuming, difficult to conduct on a large scale, prone to
numerous errors and have high transaction costs, which in some cases are over fifty percent of the
total cost of Geographic Information System (GIS) implementation and maintenance (Döner, 2008).
Information and communication technology (ICT) tools, including hardware such as mobile phones
and tablets, applications with the capacity to create digital surveys, and software that allows users
to upload data to storage facilities in real-time, have reduced the conventional challenges
associated with remote data collection. Mobile data collection utilizing existing information
technology products such as phones, smartphones, and tablets (hardware), and a number of
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different possible programs (software), facilitates data gathering, export and manipulation directly
into a centralized database. However, attention is still required for proper sampling, and data model
structure selection and architecture design guidelines can have a substantial impact on achieving
the expected results.
The modular system architecture of this process that includes spatial data in digital format into the
field, captures data and/or makes the necessary edits to the data, and posts the data into the
enterprise GIS database in near real-time is divided into the server side and the client side and their
related functionalities (Brovelli et al., 2014).
In brief, this architecture includes a set of modules for planning, performing and managing mobile
data collection. Once the data acquired by the users (client-side module) is uploaded into a serverside module coupled with a PostgreSQL database, the server-side interacts with the client-side
module of the architecture. Based on the PostGIS spatial extension of the PostgreSQL database,
data can be read by the spatial web server GeoServer and published as Web Map Service (WMS)
and/or Web Feature Service (WFS) layers while web viewers can be developed through JavaScript
libraries (Brovelli et al., 2014; Brovelli et al., 2016).
3.2.2

Using existing map data

Even if a new field acquisition guarantees up-to-date information collection, it is very important to
attempt to reuse and adapt the existing information on forest roads. In fact, it is quite common to
find existing information on the forest road network (e.g. for a public forest area, municipality or
province). For this reason, it was essential to create a standardized approach for converting existing
information into sound databases for FORCIP+ standards. Avoiding new field data collection
campaigns can reduce costs considerably, given that fieldwork requires a high number of working
hours and database creation is simplified when starting from existing information. Nevertheless,
depending on the quality and the lifetime of the existing information, an updating process is
required, and available tools for improving the quality of information must be used.
Among the existing road network geodatabases at the international level, data derived from the
OpenStreetMap (OSM) project are probably the most useful. OpenStreetMap data quality and
coverage differ between regions. Voluntary contributors can add and edit the geometry of the OSM
roads. The quality of VGI datasets, as has been shown for OSM, can be heterogeneous when
considering different countries. There may be discrepancies between rural and urban areas, and
the detail and quality of road drawings may differ between contributors.
The Land Parcel Identification System (LPIS) is a key component of the Integrated Administration
and Control System (IACS) for area-based subsidies. While the main functions of the LPIS are
localization, identification and quantification of agricultural land via very detailed geospatial data,
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non-agricultural classes such as forest, urban areas, water resources and road networks are also
delineated.
The Global Roads Open Access Data Set, Version 1 (gROADSv1), which was developed under the
auspices of the CODATA Global Roads Data Development Task Group, combines the best available
road data by country into a global road coverage, using the UN Spatial Data Infrastructure Transport
(UNSDI-T) version 2 as a common data model.
At the European level, several European countries have developed and maintain forest network
road databases, not only for wildfire protection and fighting, but also for tasks such as forest
management, wood harvesting, watershed disturbance modeling and future planning of forest road
networks (White, 2010).
When it comes to updating or improving existing road network layers, the availability of highresolution satellite imagery on the Internet enables low-cost map updating. Web-based software
programs such as OpenStreetMapper and Google Map Maker combine mapping facilities and
access to high-resolution photography or satellite imagery. Both have a user-friendly interface that
allows people without a surveying background to delineate and classify infrastructure and land
resources against a backdrop of aerial photography or satellite imagery (De Leeuw et al., 2011).
Also, participatory mapping by people without any specific surveying background could be a viable
option for map updating. Until recently participatory mapping required technical expertise to
support mapping by local people, but this constraint was removed with the introduction of userfriendly web-based mapping software that allows participatory mapping without significant outside
support (De Leeuw et al., 2011). In recent years, the advent of freely available virtual globes has
opened a new era of Digital Earth (DE), enabling users to explore satellite and aerial images and to
address geographical issues. The main sources of information include Google Earth, ESRI’s World
Imagery, Digital Globe Basemap, Bing Maps and Here Maps (for a detailed description of their
characteristics, please see Deliverable “D2.5 A cartographic base. Report on sources used”).
3.2.3

Data acquisition by remote sensing

Remote sensing data can save time and reduce labor costs associated with creating and updating
the forest road database. However, traditional remote sensing data such as satellite imagery and
aerial photography are often insufficient for identifying forest roads because passive sensors are
unable to penetrate dense canopy. For instance, Boggess (1993) used a classification method that
incorporated texture and neural networks into the classification of roads and other features from
multispectral Landsat TM imagery, but obtained numerous false inclusions; Roberts et al. (2001)
developed a spectral mixture library using hyperspectral images to extract roads, but the use of
spectral information alone does not capture the spatial properties of the curvilinear features of
such images.
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Very high-resolution satellite imagery (Table 1) can play a significant role in several processes
involved in updating topographic maps in non-forested areas. Imagery of meter or sub-meter
resolution can be used to update maps at scales between 1:6,000 and 1:10,000 (Holland et al.,
2006). In low-resolution images (less than 2 meters per pixel), roads appear as lines. In higherresolution images, roads appear as elongated regions with parallel borders. Optical satellite
imagery and airborne datasets have some limitations with respect to forest road mapping, since
even sparse tree cover prevents such sensors from observing trails under canopy. In the semiautomatic road extraction method, approximations or seed points are given manually and are
followed by an automatic algorithm that uses these approximations as input to enable automatic
road extraction. Full automatic road feature extraction is accomplished by automating the selection
of the necessary initial information (Jin et al., 2012).
Table 1: List of very high spatial resolution satellites that could be used for road base cartography extraction

Satellite name
QuickBird
IKONOS
SPOT-6
SPOT-7
Cartosat-2
Orbview-3
Deimos
DMC 3
Geoeye-1
WorldView-1
WorldView-2
WorldView-3
Pleiades-1A/B
WorldView-4
Pleiades-1B
KOMPSAT-3A
KOMPSAT-3
Gaofen-2
TripleSat
SkySat-1
SkySat-2
TerraSar-X

Spatial resolution (pan)

Spatial resolution (MS)

0.65
1
1.5
1.5
0.63
1
0.75
1
0.46
0.55
0.46
0.31
0.5
0.31
0.5
0.55
0.7
0.8
0.8
0.9

2.62
4
6
6

B, G, R, N
B, G, R, N
B, G, R, N
B, G, R, N

4
4
4
1.84

B, G, R, N
B, G, R, N
B, G, R, N
B, G, R, N

1.84
1.24
2
1.24
2
2.2
2.8
3.2
3.2

B, G, R, N, RE
B, G, R, N, RE
B, G, R, N
B, G, R, N
B, G, R, N
B, G, R, N
B, G, R, N
B, G, R, N
B, G, R, N

2
0.25-1

MS bands

B, G, R, N
X band

Another recently developed approach relates to the development of software for smartphones that
can provide a low-cost, efficient and adaptable option for the inventory of different types of roads.
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Such software has been demonstrated and implemented for two rural roads in Madrid, Spain
(Higuera de Frutos and Castro, 2014).
Laser Mobile Mapping Systems (LMMS) integrating one or more LiDAR profilers with a Global
Navigation Satellite System (GNSS), an odometer and an Inertial Measurement Unit (IMU) are used
for obtaining a 3D point cloud representing the whole road surface and the surface of the roadside.
The quality of the individual 3D LMMS points is similar to that provided by a Total Station or GNSS,
but an LMMS is able to provide fast and automatic full coverage instead of acquiring only single
points (Wang et al., 2013).
The volume of data produced by a terrestrial mobile laser scanning system such as the Riegl VQ250 is large, generating 300,000 points per second and resulting in approximately 20 GB of data per
hour. Manually processing such data is time-consuming. This has led to the development of
automated algorithms mostly based on the identification of planar or smooth surfaces and the
classification of point cloud data based on its attributes (Kumar et al., 2013)
Airborne Light Detection and Ranging (LiDAR) technology has improved the ability to extract road
maps in forested areas. Indeed, morphological analysis based on a LiDAR-derived Digital Terrain
Model (DTM) allows access to geometrical terrain features that are unable to be seen with standard
optical sensors, and without any occlusion and shadowing issues. In steep forested terrain, a slope
model created from a LiDAR-derived DTM has proven useful for road detection, as roads built on
steep slopes usually have shallow slopes, and the roads in the slope model stand out against the
steep grade of the background terrain. In addition, 3D LiDAR point clouds are accompanied by
intensity information, which might be helpful for distinguishing many surfaces, such as roads from
buildings, or roads from bare earth.
In the 1970s LiDAR was introduced in military and topographic applications. In the 1990s the first
LiDAR experiments were conducted in the forestry domain. LiDAR is an active sensor providing
detailed information both about the internal structure of the forest stand and about the topography
under the forest cover. This information is difficult to obtain with passive optical or radar remote
sensing methods. The published methods are mainly focused on moderate relief and on boreal
forests, which are structurally simpler compared to the heterogeneous mixed and deciduous
forests prevalent in southern Europe. Many algorithms for computing a DEM from LiDAR data have
problems in steep forested relief. These problems are due to the difficultly in distinguishing
between ground returns and vegetation returns, which occurs because on steep slopes the local
cloud neighborhood has properties similar to the vegetation: large height differences over small
horizontal distances. The REIN algorithm (Kobler et al. 2007) introduced a new method of DTM
computation from LiDAR data, making use of the LiDAR point redundancy to mitigate these kinds
of errors in the DTM.
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Several road extraction methods have been proposed for classifying LiDAR data. For instance, White
et al. (2010) used the slope and shaded relief grids obtained from a 1-m resolution LiDAR-derived
DTM for mapping forest roads in areas of dense forest canopy and steep terrain by manual
digitization through visual interpretation of the shaded relief and slope grids. Song and Civco (2004),
Gomez et al. (2010) and Azizi et al. (2014) used a Support Vector Machine (SVM) to extract roads
from high-resolution LiDAR data. The object-based classification method and LiDAR data were used
to detect abandoned logging roads in steep forested terrain (Sherba et al., 2014) and for large-scale
road detection in forested mountainous areas (Ferraz et al., 2016).
It is worth noting that automatic or semi-automatic classification methods are sensible to the
ground point spacing of the input LiDAR data, and accurate classification results can be achieved
within a narrow range of LiDAR ground point spacing (Sherba et al., 2014).
LiDAR sensors are usually mounted on an aircraft or helicopter. However, more recently, MicroLiDAR systems have been developed. These micro sensors can be mounted on unmanned aerial
vehicles (UAV), which could be used for forest road detection.
In addition, terrestrial laser scanning systems (Liang et al., 2016) represent a new technology that
could be used for road mapping (Jaakkola et al., 2008), especially mobile laser scanning (Forsman
et al., 2016) or personal and handheld laser scanning systems (Ryding et al., 2015).

3.3 Road and vehicle classification
In order to build a sound method to create both a reliable database and an efficient navigation tool,
it was necessary to develop a standardized and shared classification system for forest roads and
vehicles with respect to firefighting activities. As reported in detail in FORCIP+ Deliverable D3.1,
both forest roads and the vehicles used in firefighting activities have been classified following
common rules in order to create a shared classification system between FORCIP+ partners. This
classification system is applicable and expected to be applied at the EU level.
First, it is important to classify various kinds of vehicles in order to define the specific attributes that
limit the transit of a vehicle on a road. Various classifications for firefighting vehicles already exist
in European countries. Generally, vehicles are divided into three or four categories, mainly based
on dimensional and performance characteristics. In order to provide a unique classification, the
FORCIP+ partners agreed on a classification based on three classes, as shown in Table 2 below.
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Table 2: FORCIP+ vehicle classification

V1 – 1st order

Maximum
Width (m)
> 2.5

Minimum
Turning radius (m)
> 10

V2 – 2nd order

2 - 2.5

>8

3.5 - 20

V3 – 3rd order

≤2

≥6

≤ 3.5

Vehicle Classification

Total Mass (t)
> 20

The forest road classifications that already exist among the FORCIP+ participant countries are based
on similar attributes. The main aim is to define the minimum standards of a road that allow the
passage of a type of vehicle on a type of road. Following the same approach to vehicle classification,
forest road classification was agreed among the FORCIP+ partners. The results are reported in Table
3, showing classes of Firefighting Traffic Capacity (FTC).
FTC is directly related with the type of vehicle able to transit the road. As reported in Chapter 3.3,
three road classes were defined in the FORCIP+ project. For each road class, minimum requirements
were established in accordance with the characteristics of the vehicle class expected to transit the
road. The most important road characteristics to consider are i) minimum road width, ii) maximum
slope, iii) minimum turning radius, iv) type of carriageway surface and v) state of maintenance.
Table 3: FORCIP+ road classification

Firefighting
Traffic Capacity
FTC1
FTC2
FTC3

Description
This class includes forest roads that can be easily and safely used by all
types of firefighting vehicles (gondola included)
This class includes forest roads and tracks that can be easily and safely
used by firefighting vehicles included in the VC2 and VC3 classes
This class includes forest roads and tracks that can be easily and safely
used by firefighting vehicles included in the VC3 class

3.4 Digital Road Network
Optimizing the use of the road network is a high priority for local and regional authorities. Road
networks play a key role in spatial structures, providing the primary means of transportation.
Planning and engineering an infrastructure system is an iterative process in which the engineer tries
to achieve an optimal solution within the applicable engineering design criteria.
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Digital infrastructure solutions such as the digital road network (DRN) will be crucial in for improving
access to integrated information enabling better traffic planning. Information on alternative routes
and transport modes that result in more efficient mobility can therefore produce environmental
benefits. This includes collecting increasing quantities of data to provide fine-grained visibility of
network conditions. Ever more sophisticated analysis and decision support tools enable bettertargeted interventions, which optimizes safety and capacity.
The basic input data for optimized routing for forest fires is the network dataset (graph or
transportation network). The network is a system of interconnected elements divided into edges
(lines) and vertices (connecting junctions, points) that represent all possible routes between
selected locations. The network dataset includes information on road direction (one-way or twoway), road category, speed limit, slope of the road, U-turn places, change in elevation, frequency,
travel cost, hierarchy, etc.
For vector road data, the first important step in data preparation/pre-processing is to create a
consistent road database. The road line shape file must consist of edges (roads) and vertices
(junctions). It is important that all duplicates are removed from the database, that each edge is
connected to a vertex, and that for each change in the road category the edge is divided by a vertex.
From the updated road database, from which topological errors have been removed, a network
(graph) is built using tools such as Create Network in ArcMap or Build Graph in QGIS.
The graph topography must be checked – all edges should be connected through vertices, and there
should be no disconnected or duplicate edges. ArcMap includes the tool “Find Disconnected
Features in Geometric Network” which could be used for easier identification of disconnected
edges. If topographical errors are found, they should be removed through common GIS editing
tools, and after this a new graph should be created.
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4 SYSTEM DEFINITION
System architecture
Three stages:




Field data collection
Exploitation of the inventoried data and ICT applications
Updating

Field data collection:
The workflow (Figure 1) can be summarized as follows:






Set up the customized forms and download from server to devices
Data collection
Send data to server and export to GIS format
Post-processing
Spatial storage

Figure 1: Overview of adopted data collection architecture

ICT applications:
The workflow (Figure 2) for this stage is comprised of the following:
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Data introduction to Spatial Database
Map Services: OGC standards
Data display (web browser)
Data edition and analysis: GIS desktop
Data export to other applications (Global Navigation Satellite System-GNSS)
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Figure 2: Solution for the ICT application stage

Updating:



The workflow considers the following cases: Updating existing roads, in which case tabular
data is used.
Adding new roads, in which case tabular and geometry data are used.

Existing roads:
1. Identification:
a. Only FTC.
b. TB_structural.
2. Editing
a. Create new customized forms
b. GIS data editing
3. Uploading to the server
New roads:
1. In this case the workflow is the same as that used for the field data collection point.

4.1 Common data model
The data model represents the first step in the generation of the road inventory. In this stage the
logical data model, which symbolizes the data organization and its relationships (serves as the basis
for the creation of the physical data model), and the physical data model (derived from the logical
data model), which consists of a detailed view of the data type and its description as well as the
database-specific implementation of the logical data model, are defined.

25

FORCIP+ ECHO/SUB/2015/718661/PREP20 11-12/02/2016

4.1.1

Physical data model

Τhe Spatial Data Base (SDB; Figure 3) of the FORCIP+ project is built upon the following model
definition and contains the following elements:




Public roads object: linear geometry – external source.
Inventory roads object: linear geometry – inventory source.
Infrastructure objects: point geometry – inventory and external sources.
i. Water point
ii. Hydrant
iii. Passing place
iv. U-turn place
v. Bottle neck
vi. Crossroad

Figure 3: Spatial Database repository

The inventory roads object represents all the different roads collected in the inventory needed to
fulfill the objectives of the FORCIP+ project. The information is contained in the following tables:





TB_Inventory Roads
TB_Restriction
TB_Com_Coverage
TB_Structural

Table 4 shows the attributes considered in order to characterize the roads.
Table 4: Table designed for storing information on the inventory roads object

Field Name
Id
Name
FTC
Length
Date
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Field Description
Segment code
Traditional road name
Firefighting Traffic Capacity
Segment length
Inventory date

Definition
Integer
Text
Text
Decimal
Date

Domain
FTC
-
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Infrastructure and bottle necks:
Infrastructure and limiting events represent natural point entities but are still interesting enough
to be collected because of their influence on traffic circulation (passing places, bridges, etc.) or in
emergency situations (forest firefighting – water points).
Table 5 to Table 9 contain the attributes considered for each point entity:
Table 5: Table designed for storing information on water points (infrastructure objects)

Field Name
Id
WaterCapacity
Date

Field Description
Entity code
Water storage capacity of the
equipment
Inventory date

Definition
Integer

Domain
-

Decimal

-

Date

-

Table 6: Table designed for storing information on hydrants (infrastructure objects)

Field Name
Id
Date

Field Description
Entity code
Inventory date

Definition
Integer
Date

Domain
-

Table 7: Table designed for storing information on passing places (infrastructure objects)

Field Name
Id
Date

Field Description
Entity code
Inventory date

Definition
Integer
Date

Domain
-

Table 8: Table designed for storing information on U-turn places (infrastructure objects)

Field Name
Id
Vehicle
Date

Field Description
Entity code
Type of vehicle capable of turning
around
Inventory date

Definition
Integer

Domain
-

Text

-

Date

-

Table 9: Table designed for storing information on bottle necks (infrastructure objects)

Field Name
Id
Type
Date
27

Field Description
Entity code
Type of limiting event
Inventory date

Definition
Integer
Text
Date

Domain
Bottle neck_Type
-
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Linear objects have a correlation with the real transportation network that supports traffic. For
these objects there is a need to know their condition, connection, main characteristics and auxiliary
infrastructure or limiting events (bottle necks) that could lead to modification of their traffic
capacity. Linear objects are made up of segments (minimum functional unit of the network).
Infrastructure and bottle necks have a spatial nature; therefore, they are represented as separate
point layers. To improve the accuracy of this information, they are provided with their own
database entities, since considering them as part of the road characterization would involve the
loss of their geographical location.
4.1.2

Logical data model

The relational model separates the logical design from the physical design.
Figure 4 shows the logical model schema adopted for the linear elements (roads) of FORCIP+ and
contains the logical data model related to the inventory roads and to the various information that
can be included. With regard to point data (infrastructure objects), a different model was developed
(Figure 5). The link with the inventory roads is spatial (realized by their spatial positioning), avoiding
alphanumeric links. With the objective of minimizing data redundancy, we followed database
normalization standards. Normalization involves decomposing a table into less redundant tables
without loss of information (Codd, E., F., 1970).

28

FORCIP+ ECHO/SUB/2015/718661/PREP20 11-12/02/2016

Figure 4: Logical Model – inventory roads (lines)
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Figure 5: Logical Model – infrastructure points
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4.2 Forest road data acquisition approaches
4.2.1

Field data acquisition

STAGES
It is possible to list a general outline of the required stages for the field acquisition of the inventory.
Even the lack of standardization leads to different types of inventories and methodologies:
1.
2.
3.
4.
5.

Selection of the scope and final objective of the inventory
Compilation of previous information
Setting up the data model
Field data collection
Post-process and database generation

The first point must be clear since the data capture and the rest of the stages are based on it. The
intensity of data capture, information to collect, etc. is different for an inventory focused on forest
management than one focused on emergency management.
The second point addresses all the information required to perform the field data collection,
including the assessment of equipment needed (hardware and software), data (cartography
available, previous datasets) and establishing a methodology of operations that meets the final
objective in accordance with the resources committed.
The third point comprises of setting up the data to collect and their relations. It must include the
attributes needed to present a reliable picture of the situation at the moment of the data collection.
It must define the mandatory data and the optional data. It is also essential to define the basic unit.
In this case there are two alternatives: the entire road, which implies a linear referencing method,
or segments, which means a segmentation basis is required. Both options are valid and have pros
and cons:
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Entire road:

Advantages

Disadvantages

The question of a basis for dissection into
stretches does not appear.

No clear ends since different types of roads
will appear. Not only are forest roads subject
to the inventory but also those roads that
connect the forest road network to
conventional roads. The network inventoried
must be accessible by emergency vehicles
from headquarters to forest.

To avoid division into very short sections
depending on the segment length, which
would cause ambiguity.

Different road conditions and especially
different vehicle accessibility for the same
road.

It can be divided with different segment
lengths provided that linear referencing is
used.

Necessity of different calibration for different
purposes to maintain accurate data (linear
referencing).
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Segments:
Advantages
More flexibility in distinguishing between road
types.

Disadvantages
More and shorter records in the database.

Permits a direct approach to the main More difficult to adapt to other purposes (to
objective. For instance, the determination of expand it).
stretches can be based on vehicle capacity.

Easy to understand when gathering field data.

It is necessary to clearly define the basis of the
segmentation.

Maintenance is easy and direct.

The fourth point is the most time-consuming and probably the most costly. Depending on the
methods, materials and objectives (software, devices, vehicles, data capture method), it is
necessary to develop a clear and easy way to perform data capture in the field. Guidelines for this
process are highly recommended.
Today, developments in ICT enable this task to be carried out more quickly and easily and with more
precision and fewer errors.
The data can be captured in various ways:





Traditionally, a form was filled out by hand and exported to digital format. Positioning was
performed by standalone GNSS.
Use of devices with integrated GNSS units, with an application for data collection replacing
the paper form.
Use of devices with GIS software.
Recording GNSS-tracks, video, voice with synchronization.

Today, there are a wide range of solutions that allow the first alternative to be avoided. Among the
others, the selection will be determined based on the device capacity, software availability and
other factors such as personnel experience with new technologies.
It is also important to use cartography support. In the past this was in the form of paper maps, but
today mobile devices have the capacity to acquire and store cartography as well as positioning.
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The most extended methods of collecting data in the field:





Driving along roads with a vehicle and collecting data with a mobile device (GNSS unit
integrated) according to the basis previously set, points and/or tracks, while completing the
forms with the information required.
Video recording while driving is another alternative. The path has to be set previously in
the office. The film equipment internal clock must be synchronized to the GNSS clock.
Another alternative is taking pictures for the identification of each segment and collecting
geo-data with a GNSS sensor. This saves time in the field but requires substantial office
work to select, classify, characterize and match the pictures with the GNSS data.

The fifth point is the post-processing of the data: the information collected in the field has to be
modified with respect to format, edited when necessary, and completed or returned to the field to
check inconsistences. Normally, GIS software is used to correct positioning errors from the GNSS,
check alphanumeric integrity data, check topology, etc.
This process can be divided as follows:
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Convert data from GNSS (GPX, DXF,…) into a GIS format (shapefile, KML, ArcGIS
GeoDatabase, …)
GIS data editing
Quality control:
o Geographic positioning (GNSS or human factor)
o Methodological errors
o Incoherent attributes
o Flows in the base cartography
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RESOURCES
Cartography:








Historical and topographic maps
Cadastre information
Satellite imagery
Orthophotogaphs
Regional, national or local vector cartography
DTM, TINs
Etc.

Spatial data / spatial database:
The data gathered in the field is stored in a spatial
database, which is a database optimized to store and query data that represent objects defined in
geometric space. Most spatial databases allow the representation of simple geometric objects such
as points, lines and polygons, but some handle more complex structures such as 3D objects,
topological coverage, linear networks and TINs. The information stored in them is therefore the
spatial data.
Devices / software:
GNSS device (Figure 6):
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Standalone device: Allows picking up points or tracks. It takes longer to establish
connectivity with satellites, but the reliability is usually better than an A-GPS. The selection
of this alternative implies the need for another device to gather alphanumeric data.
Mobile device (tablet or smartphone) with integrated positioning functionality. It normally
uses A-GPS with slightly lower accuracy than a GPS but with faster location. In addition to
this functionality, the device must meet minimum specification requirements with regard
to processor, RAM memory, storage capacity, and battery life. It is compatible with
applications for collecting alphanumeric information. In addition, this type of device offers
an array of extra functionality in a portable interface: camera and video, network
connections, apps, mail, etc.
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Figure 6: Standalone GNSS receiver and smartphone with GNSS functionality

Software (Figure 7):





Cartography viewer: There are many applications that use the positioning functionality and
store cartography to geo-reference the device. There are two options:
o Those that work on-line only
o Those that allow cartography storage off-line
Data collection: Allows the possibility of performing surveys with GNSS locations and
provides solutions for creating customized forms and filling them out.
GIS mobile: There are a few options, either proprietary software or open source, but it is
still slightly underdeveloped and there is not yet an optimized solution.

Another alternative is using a laptop with GNSS integrated and GIS software included, but this
option lacks the advantages of the portability and the comfort implicit in the use of smartphones.

Figure 7: Screenshots from oruxmaps, GeoODK collect and QField software, respectively
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Architecture
The entire architecture is built with open source GIS technology enabling the management of
geospatial data from initial field data collection to final web publication (see Point 4.2). Both the
software and hardware described below are used in the field data collection stage and in the
updating stage.
Software
1. Data collection server application: SMAP
SMAP software is a data management (collection and analysis) and visualization platform.
SMAP can be used in combination with mobile device “apps” including geoODK to create,
upload, and download forms. As soon as data is submitted it can be viewed in the SMAP
dashboard, and data with location can be shown on maps.
Data can be collected using surveys on Android phones. The surveys are created in editors
and then uploaded to a SMAP server. They can then be downloaded to a phone or tablet.
SMAP stores all of its data in a relational database with PostGIS geospatial extensions. Data
can be exported in geospatial formats such as ESRI shape files.
2. Field data collection: geoODK and Oruxmaps
OruxMaps (Figure 8) is an Android mapping application that accesses online map services,
including WMS, OpenStreetMap and tiled map sources, or uses offline maps saved from
Mobile Atlas Creator. Map data can be saved for offline use, or online when an Internet
connection can be established. Tracks can also be saved and loaded.
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Figure 8: Functionalities and tools in Oruxmaps

GeoODK is a freely available, open source mobile application that runs on Android
smartphones and aims to combine mobile data collection technologies and GIS mapping. It
is based on ODK Collect, but has been extended with offline/online mapping functionalities,
the ability to have a custom map layer, as well as new spatial widgets for collecting points
and polygons, and GPS tracking functionality. GeoODK provides a way to collect and store
geo-referenced information, along with a suite of tools to visualize, analyze and manipulate
ground data for specific needs (Figure 9).
Steps:
 Connect to the server application
 Download the customized forms
 Fill out the forms
 Send the data to the server
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Figure 9: GeoODK operating screenshots

3. Spatial database: PostgreSQL/PostGIS
PostGIS is a spatial database extender for the PostgreSQL object-relational database. It is a
spatial database that is built on top of a standard PostgreSQL database adding support for
geographic objects allowing location queries to be run in SQL. It is open source software,
released under the GNU General Public License.
PostGIS was selected for this project since it meets the requirements listed below:
 PostGIS is open source, which implies it is free.
 It is compatible with OGC standards.
 It supports spatial data, spatial index and provides many spatial functions.
 It allows export and import of different formats through tools designed for it.
 QGIS can work with PostGIS.
 There are many web map servers (Geoserver included) that are able to run with it.
 It is the most extended open source spatial database.
4. Map server: Geoserver
Geoserver is an open source platform that supports OGC standards such as Web Map
Service (WMS), Web Coverage Service (WCS), Web Feature Service (WFS) and Web Feature
Service Transactional protocols. It can work with a large range of data formats such as
Shapefile, ArcSDE, Oracle Spatial, PostGIS and other spatial formats. It has a fully-featured
web administration interface. Role-based security can be configured in it. In order to fully
utilize the capabilities of GeoServer, compatible client software must be used.
5. GIS editor: QGIS
For this project, QGIS seems to be the best option:
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It is a user-friendly open source Geographic Information System (GIS) licensed
under the GNU General Public License
It runs on Linux, Unix, Mac OSX, Windows and Android while supporting numerous
vector, raster and database formats.
It offers viewing, editing and analysis of geodata.
It also contains a server component and a composer for print layouts.
Furthermore, the GRASS plug-in allows the use of the analytical functionality of the
GRASS program from within the QGIS GUI.
QGIS supports a large number of vector and raster formats, including PostGIS,
GRASS, Shapefile, GML2, WFS, GPX, WMS, GeoTiff, PNG and many others.

Summary:
Software

Use

Device

Available in:

Smap

Management of the
data collected

Server

https://www.smap.com.au/downloads.shtml

geoODK

Field data collection

Tablet/
http://geoodk.com/downloads.php#
Smartphone
Tablet/

Oruxmaps

Spatial positioning

http://www.oruxmaps.com/descargas_en.html
Smartphone

PostGIS

Data storage

Server

http://postgis.net/install/

Geoserver

Geo-data server

Server

http://geoserver.org/download/

QGIS

GIS software

Computer

http://qgis.org/en/site/forusers/download.html

40

FORCIP+ ECHO/SUB/2015/718661/PREP20 11-12/02/2016

Device
Recommended requirements:






4.2.2

Standalone tablet
Size: screen ranging from 7 to 10 inches
Operating system: Android
More:
o Processor: mid-range tablets are adequate
o RAM: minimum of 1 GB
o Storage: range from 16 to 32 GB. SD card recommended.
o Battery life: a daily work timetable (7h) on single charge.
Some degree of water and dust protection is desirable (fieldwork)
Using existing map data

The process of adapting existing data to FORCIP+ standards was tested by all FORCIP+ partners.
Generally, the existing information was collected in the past for purposes related to forest
firefighting or forestry. The common problems associated with these data are related with the
structure of the database, the type and the categories of information inventoried and their age
(reliability at present). The most important problem using these data is that occasionally,
particularly for information related to point features (such as bottle necks, water points, passing
places etc.), not all the information requested by FORCIP+ was collected. The management,
adaptation and update of existing information were implemented through different phases:
- Database reorganization: The existing information was transferred to a new database structured
following FORCIP+ needs, by GIS software.
- Information extraction and interpretation: Where possible, existing information has been
extracted and interpreted in order to fulfill specific fields that apparently were not covered by the
existing data. An example of this operation could be the extraction of useful information from
textual notes (such as the water capacity of a water point, the type of carriageway surface, the state
of maintenance of a road, etc.).
- Photo and map interpretation: This is done to find and calculate missing information. During the
analysis of existing databases some information could be missing. Some road information can be
easily found through photo and map interpretation using GIS software. For example, large water
points can be easily detected on orthophotos, the minimum radius of curvature of a road can be
calculated with good approximation, etc.
Once these phases end, the new database created by the existing information following FORCIP+
requirements is ready to be used.
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4.2.3

Data acquisition by remote sensing

Some preliminary tests were performed by UNIFI for forest road mapping using remote sensing
data in the Forest of Vallombrosa (Florence, Central Italy). To do this, true color (RGB) digital
orthophotos and a LiDAR-derived DTM were used.
Both the orthophotos and LiDAR data were taken on May 2015 using a Eurocopter AS350 B3
equipped with a RIEGL LMS-Q680i laser scanner and a DIGICAM H39 RGB and CIR optical
instrument. The flight height was 1100 m above terrain level. Full-waveform LiDAR data were
registered and discretized to a point density of 10 pts/m2. Digital orthophotos with 0.2-m spatial
resolution were also acquired. Standard pre-processing routines were used to remove noise in the
LiDAR data. LiDAR echoes were classified as ground/non-ground on the basis of the adaptive
triangulated irregular network (TIN) algorithm. Ground points were used to construct a DTM with
a spatial resolution of 1 m. Then a slope map in grid format was obtained from the DTM. Forest
roads were mapped by visual interpretation of digital orthophotos and slope grids.
As shown in Figure 10, forest roads in steep forested terrain were well visible in the slope image,
while roads under forest canopy were not visible in the digital orthophotos because the passive
sensor was unable to penetrate the dense canopy.

(a)
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(b)

(c)
Figure 10: Example of forest road detection in the Forest of Vallombrosa (Florence, Central Italy) using LiDAR data: (a)
digital orthophotos taken from a helicopter with 0.2-m spatial resolution – forest roads under forest canopy are not
well visible; (b) slope map in grid format obtained from a LiDAR-derived DTM with a 1-m spatial resolution – forest
roads in steep forested terrain are well visible; (c) result of manual delineation of forest roads (in red) through visual
interpretation of the slope grid.

In addition, a preliminary test employing terrestrial laser scanning for automatic road detection was
performed by UNIFI for forest road mapping in the Forest of Vallombrosa. The equipment used was
a ZEB1 handheld laser scanning system (Figure 11). The results are shown in Figure 12.
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Figure 11: (A) ZEB1 handheld laser scanning system, (B) ZEB1 data collection, (C) Example of a spherical target
mounted on a pole, (D) Cloud identification of a spherical target.
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Figure 12: Example of forest road detection (skid trail) in the Forest of Vallombrosa (Florence, Central Italy) using a
terrestrial laser scanning system (ZEB1 handheld laser scanning system).

An important aspect of road data acquisition by LiDAR is the quality of the DEM. Figure 13 shows
different approaches of DEM generation from the LiDAR point cloud, tested by SFI on steep and
densely forested relief, including morphological filtering of vegetation points in the point cloud, and
the REIN algorithm (Kobler et al. 2007). REIN first involves an initial filtering of the point-cloud,
which removes all negative outliers, and most, but not necessarily all, vegetation points by some
existing filtering algorithm, e.g., morphological filtering with a gentle threshold. Subsequently, the
residual vegetation points are removed by making use of the redundancy in the initially filtered
point-cloud, where multiple independent samples are taken from the initially filtered point-cloud.
From each sample, ground elevation estimates are interpolated at individual DTM locations.
Because the lower bounds of the distributions of the elevation estimates at each DTM location are
almost insensitive to positive outliers, the true ground elevations can be approximated by adding
the global mean offset to the lower bounds of distributions.
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(a)

(b)

(c)

Figure 13: A comparison of DEM quality depending on the point cloud filtering method: (a) morphological

filtering with a 30-degree threshold removes ground points in steep terrain; (b) morphological filtering
with a 70-degree threshold produces relief artifacts due to remaining negative outliers and remaining
vegetation points; (c) REIN filtering.
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4.3 Forest road inventory within FORCIP+
Following the requirement analysis the first step is to set up the server where the collected
information will be sent and to create the customized forms for the task. This includes a database
service (PostgreSQL), a web service (Apache), an application service (Tomcat) and a data collection
service (Smap). The customized forms are created in the server and are ready to be downloaded by
the users. In addition, users and permissions are configured. Each user is able to download the
forms and connect with the server through the geoODK collect software, by entering the user and
password credentials. The following architecture was developed for field inventory in FORCIP+:
4.3.1

PostgreSQL

PostgreSQL is a powerful, open source object-relational database system. It has more than 15 years
of active development and a proven architecture that has earned it a strong reputation for
reliability, data integrity and correctness. It runs on all major operating systems, including Linux,
UNIX (AIX, BSD, HP-UX, SGI IRIX, Mac OS X, Solaris, Tru64) and Windows. It is fully ACID compliant,
has full support for foreign keys, joins, views, triggers and stored procedures (in multiple
languages). It includes most SQL: 2008 data types, including INTEGER, NUMERIC, BOOLEAN, CHAR,
VARCHAR, DATE, INTERVAL and TIMESTAMP. It also supports the storage of binary large objects,
including pictures, sounds and video. It has native programming interfaces for C/C++, Java, .Net,
Perl, Python, Ruby, Tcl and ODBC.
4.3.2

Apache

The Apache HTTP Server Project is an effort to develop and maintain an open source HTTP server
for modern operating systems including UNIX and Windows. The goal of this project is to provide a
secure, efficient and extensible server that provides HTTP services in sync with current HTTP
standards. The Apache HTTP Server ("httpd") was launched in 1995 and has been the most popular
web server on the Internet since April 1996.
4.3.3

Tomcat

Apache Tomcat, often referred to as Tomcat Server, is an open source Java Servlet Container
developed by the Apache Software Foundation (ASF). Tomcat implements several Java EE
specifications including Java Servlet, JavaServer Pages (JSP), Java EL, and WebSocket, and provides
a "pure Java" HTTP web server environment in which Java code can run. Tomcat is developed and
maintained by an open community of developers under the auspices of the Apache Software
Foundation, released under the Apache License 2.0 license, and is open source software.
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4.3.4

Data collection server application SMAP

SMAP software is a data management (collection and analysis) and visualization platform. It is open
source, and can be downloaded from the SMAP Consulting website (http://smap.com.au/). SMAP
can be used in combination with mobile device “apps” including fieldTask, odkCollect and geoODK
to create, upload and download forms for various disciplines. As soon as data is submitted it can be
viewed in the SMAP dashboard and data with location can be shown on maps.
4.3.5

Field data collection: geoODK and Oruxmaps

The solution adopted for field data collection considers the use of an application, as mentioned
above, where the base cartography must be loaded and another database for road characterization.
OruxMaps is an Android mapping application that accesses online map services, including WMS,
OpenStreetMap, and tiled map sources, or uses offline maps saved from Mobile Atlas Creator.
OruxMapsDesktop is available to rectify scanned/digital images or paper maps. The application
includes a moving map function, speed, altitude, and direction information acquired from a GPS
source (if enabled). Map data can be saved for offline use, or online when an Internet connection
can be established. Tracks can also be saved and loaded.
Geo-Open Data Kit (GeoODK) Collect is a freely available, open source mobile application that runs
on Android smartphones aiming to combine mobile data collection technologies and GIS mapping.
It is based on ODK Collect, but has been extended with offline/online mapping functionalities, the
ability to have a custom map layer, as well as new spatial widgets for collecting points and polygons,
and GPS tracing functionality. GeoODK provides a way to collect and store geo-referenced
information.
4.3.6

Devices: tablet specifications

The purpose of the tablet is to provide a hardware system for collecting field data that can also be
used to implement some of the ICT application results.
These objectives do not require special or extra specifications beyond those found on a regular
tablet.
Tablets in the 10-inch range provide a good balance between portability and productivity. They are
not as easy to use with one hand as smaller ones, but they are still adequately light and compact,
and their display is better. Larger tablets are less portable and more suitable for laptop replacement
purposes.
Since it was set in the project we had to take measures to ensure the sustainability of the project,
and one such measure was to use open source software for application development. Android
seemed to be the right decision. Applications can be uploaded to Google Play for dissemination.
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Other specifications: this can be difficult to discern, since not all manufacturers fully disclose the
components of their devices, but we can list some of them:







4.3.7

Processors: Android tablets contain processors from a variety of manufactures. For the
needs of the project it is not necessary to pay special attention to the type or speed of the
processor – those provided in mid-range tablets should be adequate.
RAM (memory): “Random Access Memory” is special memory where the data is stored
temporarily. More RAM means that the tablet can run more apps at the same time.
Generally speaking, the more expensive the tablet the more RAM the tablet will have. In
most tablets RAM ranges from 1 GB to 4 GB. The tablet should have a minimum of 1 GB.
Storage: Standalone tablets typically come with 8 to 16 GB on the low end up to 128 GB on
the high end. Some tablets include SD card readers to expand their storage capacity.
Considering the fact that our needs include storing cartography and more information, the
minimum storage capabilities should be 16/32 GB, and an SD card slot should also be
included. It should be noted that the amount of storage does not affect the tablet’s
performance.
Extra memory: Tablets should include a (micro) SD card slot and a USB connection of some
type that allows adding extra storage and connection.
Battery life: A tablet that runs for no less than 7 hours on single charge (daily work
timetable) is recommended.
Guidelines for the survey

The process of collecting data (Figure 14) is very simple and includes the following steps (after
having created an account on the data collection server platform (i.e. Snap):
1. Connect to a data collection server application
The first step is to launch the GeoODK Collect app in a surveyor’s mobile device. From the main
screen, the user can select “Settings” on the bottom right. From the Settings screen, the user can
select the “General Settings” option. Under Server Settings, and by selecting Configure Platform
Settings the user can change the “URL” field for connecting the GeoODK data collection app to an
existing data collection server application. At the final step an update of the username and
password credentials to match the user account for the project is needed.
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Figure 14: Procedure for collecting to an existing server application

2. Download the forms to fill in the data
The user should retrieve the form from the main screen, select “Settings” on the bottom right and
from the Settings screen, select the “Form Management” option where the “Get Selected” option
is selected to download the form that needs to be completed. Returning to the home screen is
accomplished by hitting the back button once (Figure 15).

Figure 15: Procedure for downloading the forms from the server to the GeoDK application
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3. Filling out the forms/collecting data
In the first screen of the app and by choosing the “Collect Data” option, the surveyor can access the
form that needs to be filled out, and navigate through the form by swiping left and right (Figure
16). When all of the fields have been completed, the surveyor chooses the “Save Form and Exit”
option.

Figure 16: Procedure for collecting data by (left to right) selecting collect data, feature to record, ID of the feature and
mode of geotrace

4. Data submission
The user can view entries on a map (“Map Data”) icon, or complete or update an existing entry
(“Edit Data” option from the main page). At the end following a form finalization procedure, the
form can be submitted to the server through the “Send Data” icon (Figure 17). Note that if a form
is successfully submitted to the server, it will be removed from the GeoODK Collect application.
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Figure 17: Send data icon and selection of the data to be sent
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4.4 Data management of the FORCIP+ forest road inventory
4.4.1

Post-processing of the data

Base road cartography
(BRC)

Segment points (GeoODK)

Correct base cartographyadjust to inventory
(remove excess data/add
missing data)

Track records (Oryx
maps)

Convert to segment lines
Identify common lines of
“overlap” using BRC
->->inventoried roads

Convert to common GIS
format

Transfer attributes from segment
points to inventoried roads
Connect inventoried roads to public roads
Remove “non-connected” inventoried roads
Snap point features to inventoried roads
Topology check
Points must be covered by lines/Lines must not have duplicates/Lines must not
have multipart geometry/Inventory roads must not have dangles/
overshoots/undershoots/not self-overlap/inventoried roads must not overlap
with Public_Roads/inventoried roads must not overlap.

Adjust to common data model
Adjust to common data model
associated tables for features:
Inventory_Roads, TB_Structural, Bottle_
Neck, U_Turn, Passing_Place, Hydrant or
Water_Point,
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4.4.2

The spatial database: Postgis

PostGIS is a spatial database extender for the PostgreSQL object-relational database (Figure 18). It
is a spatial database that is built on top of a standard PostgreSQL database adding support for
geographic objects allowing location queries to be run in SQL. It is open source software, released
under the GNU General Public License. PostGIS can work with open source mapping servers. Most
conform to OGC mapping standards: WMS, WFS, WCS, etc.

Figure 18: GIS and data management architecture solution
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4.4.3

Map server: Geoserver

Geoserver is the J2EE realization of Open GIS Web server (Huang and Xu, 2011). It is an open source
platform that supports the OGC standards such as Web Map Service (WMS), Web Coverage Service
(WCS), Web Feature Service (WFS) and Web Feature Service Transactional protocols. It can work
with a large range of data formats such as Shapefile, ArcSDE, Oracle Spatial, PostGIS and other
spatial formats. Within FORCIP+ two options were specified:
1. Publish geospatial web services as WMS: This service allows accessibility to the data only
with the service created. In QGIS this connection is performed as shown in Figure 19:

Figure 19: WMS connection in QGIS
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2. Download data in different formats (among them KML or shapefile) through the service
provided by GeoServer (Figure 20).

Figure 20: GeoServer layer preview

4.4.4

GIS editor: QGis

QGIS seems to be the best option since it is a user friendly, open source Geographic Information
System (GIS) licensed under the GNU General Public License, and it runs on Linux, Unix, Mac OSX,
Windows and Android while supporting numerous vector, raster and database formats). Quantum
GIS or QGIS is based on the C++ cross-platform library Qt from Nokia. Therefore, it runs on most
existing operating systems, including Linux, Unix, MacOSX, and Windows.
4.4.5

Viewer: Leaflet

OpenLayers is an open source (provided under the 2-clause BSD License) client-side JavaScript
library for displaying map data in web browsers (Hazzard, 2011). It provides an API for building rich
web-based geographic applications similar to Google Maps and Bing Maps.
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4.5 Network analysis methods
The most developed fire-suppression systems are designed to be especially effective in the initial
attack operations due to spatially distributed suppression resources, early fire-detection capability,
and appropriate tactics and training for these events. Fires that escape the initial attack may be
much more difficult to fight due to severe fire weather and substantial accumulation of fuel. The
shorter the response time the smaller the possibility that the fire spreads over large forest areas or
into urban areas.
The response time crucially depends on the routing optimization, a type of network analysis
method. There exist a number of methods of road network analysis. They can be classified into two
broad groups: vector-based approaches (within FORCIP+ ESRI ArcMap and QGIS tools were tested)
and raster-based approaches (IDRISI TerrSet raster GIS package tools were tested). The approaches
tested in FORCIP+ are as generic as possible, so they may be considered representative for a
number of other raster- and vector-based tools that operate in a similar way. We tested the
selected approaches on three different tasks:




4.5.1

allocation of forest area to the nearest firefighting resource,
determining the service area of a firefighting resource point (which is just the opposite task)
and
finding the least cost path from the vehicle waiting area / fire station to the fire.

Vector-based approach

The basic input file for all route optimization calculations is the network dataset (graph or
transportation network). The network is a system of interconnected elements divided into edges
(lines) and vertices (connecting junctions, points), which represent all possible routes between
selected locations. The informational part is the network dataset that includes certain information
for each edge and vertex. The more detailed the description of the network, the more precise the
predictions (navigation). The network dataset includes information on road directions (one-way or
two-way), road category, speed limit, slope of the road, U-turn, change in elevation, frequency,
travel cost, hierarchy, etc.

Allocation of forest area to the nearest firefighting resource
We used all available junctions in the road network as the potential waiting positions. The best
waiting position was assessed based on historical fire events. In ESRI ArcMap the Locationallocation tool was used. Road junctions were set as facilities and historical fire events as demand
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points. In QGIS the location-allocation could be performed only through the GRASS extension. The
QGIS vector-based method was therefore not tested; however, the process models for both ESRI
ArcMap and QGIS are shown in Figure 21.

Figure 21: Process flowchart for calculation of the best vehicle waiting positions using the vector-based approach

Determining the service area of a firefighting resource point
Finding the closest fire station to a fire event, the closest water hydrant to a fire event or the closest
hospital for potential casualties in a fire event are all examples of the closest facility problem. Within
the ESRI ArcMap, the “Closest facility” tool is available, which also enables the user to find the best
route to or from the facility and the travel cost for each route. In QGIS there is no direct tool for
closest facility problems; however, the “Area of availability” tool could also be used in this sense.
The details of the ESRI and QGIS process are shown in Figure 22.
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Figure 22: Process flowchart for calculation of the closest facility using the vector-based approach

Finding the least cost path to the fire
The simplest calculation is to consider only the locations and the shortest path (road segment) from
start to end location (fire). Numerous other characteristics also influence the selection of the
quickest response – the capacity of the roads, selection of firefighting vehicle, etc. To simulate some
of these influences, we categorized roads into three fire traffic capacity classes (FTCs). The details
of the ESRI and QGIS process are shown in Figure 23.
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Figure 23: Process flowchart for route optimization using the vector-based approach

4.5.2

Raster-based approach

For the raster-based approach the vector GIS layers of all the different road categories were first
merged into one layer, attributing FTC classes corresponding to their road categories. The merged
and reclassified road layer was rasterized at 5-m resolution, encoding the road pixels with the FTC
class values. All the point features (i.e. firefighting stations, hydrants) were moved to the nearest
road segment using the ESRI ArcMap NEAR function. In the case of hydrants, only those originally
closer than 10 m to a road were considered in further analysis. A relief slope raster layer was
computed from the raster DEM, using the IDRISI SURFACE function. Different average traveling
speeds were assumed when calculating travel times, depending on the FTC class of the road
segment and the vehicle used. Based on the known speeds for each FTC class and each vehicle type,
the travel time of crossing one 5-meter pixel was calculated (Table 10). Additionally, off-road
walking speed of the firefighters on foot was attributed to each off-road pixel based on relief slope
(Table 11). All these tables simplify further estimations of the total travel times to the fire.
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Table 10: Travel time for vehicles across one 5-meter pixel in seconds per pixel

Vehicle type

FTC1

FTC2

FTC3

4x4 pick-up (e.g. Defender 130)

0.45

0.60

0.90

4x4 light truck (e.g. Bremach T-Rex)

0.60

0.90

1.80

4x4 medium truck (e.g. Unimog U-5000)

0.60

0.90

-

4x4 heavy truck (e.g. MB 2026)

0.90

1.20

-

6x6 heavy truck (e.g. MB 3344)

0.90

1.20

-

Table 11: Off-road travel time for firefighters on foot in km/h and across one 5-meter pixel in seconds per pixel

Relief slope
0º
1º - 15º
16º - 30º
30º - 45º
> 45º

Walking
[km/h]
5
2.5
1.25
0.625
0.3125

speed Walking speed
[s/5m-pixel]
3.6
7.2
14.4
28.8
57.6

Next, a travel cost map was generated for each vehicle type, showing the travel time through each
pixel for one specific vehicle type, using the IDRISI ASSIGN function. Similarly, for the off-road areas
the walking speed is assigned to each pixel from Table 11 depending on the relief slope at each
pixel. The most costly computational stage of the raster-approach was the subsequent calculation
of the map of the cumulative cost of travel, i.e. time-to-destination map. This raster map shows a
gradient increasing from one starting point (or alternatively from a set of starting points) to any
other point in the map. In IDRISI this is usually calculated using the COSTGROW algorithm. There is
also a much faster COSTPUSH algorithm available, which is not adapted to rasterized networks.
Both functions are accessible from the COST function.

Allocation of forest area to the nearest firefighting resource
The basic raster layer for the computation of areas allocated to specific set of resource points (be
it firefighting stations, waiting areas, hydrants, etc.) are the previously described cost maps,
showing the travel time through each pixel for each specific vehicle type. Also needed for this
analysis is the set of rasterized locations of the resource points. In IDRISI raster GIS the ALLOCATE
function is used to optimally allocate the forest areas to the resource points. The process workflow
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to optimally allocate forest areas to resource points as used in the raster-based approach is shown
in Figure 24.

Figure 24: Process workflow to optimally allocate forest areas to resource points as used in the raster-based
approach

Determining the service area of a firefighting resource point
The basic raster layer for the computation of service areas allocated to a specific set of resource
points, e.g. firefighting stations, are the accumulated cost maps showing the travel time in 1/100
seconds from a particular resource point, i.e. firefighting station, to each pixel on the map. Note
the difference of map showing traveling times from one specific firefighting station to any pixel in
the area compared to the map where a set of firefighting stations is used. These accumulated cost
maps are computed in advance as the intermediate results during raster data pre-processing, as
explained previously. In order to simplify further computation, these maps are turned from gradient
map travel times into maps of travel time classes, enabling the delineation of isochrone lines (lines
of equal travel time). This is done by using the RECLASS function, where we use the equal-interval
reclassification, and the step is set to 30,000 hundredths of a second, corresponding to 5 minute
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steps. The next step is to intersect these 5-minute isochrone areas with the forest mask, in order to
get the amount of forest area per 5-minute isochrones allocated to a firefighting station, which is
done by the IDRISI CROSSTAB function. This RECLASS + CROSSTAB procedure is then repeated for
all the resource points (be it firefighting stations, waiting areas, hydrants, etc.). The result of each
iteration is a table of forest pixels within a 5-minute isochrone area, which can be then converted
to hectares and shown in a set of histograms to form the basis for selection of the optimal service
area. We can select various criteria for this selection, but in our case we decided to maximize the
area of forest reached in the first 10 minutes. As this analysis is repeated for each firefighting station
(waiting area, hydrant, etc.) and for each vehicle type, it is easy to then decide where to locate the
stations for different types of vehicles. The whole process is illustrated in Figure 25.

Figure 25: Process workflow to optimally allocate vehicles as used in the raster-based approach

Finding the least cost path to the fire
Again, the basic raster layer for the computation of the least cost path from a specific resource
point (be it firefighting stations, waiting areas, hydrants, etc.) are the accumulated cost maps,
showing the travel time in 1/100 seconds from a particular resource point, e.g. firefighting station,
to each pixel on the map. Note the difference of map showing traveling times from one specific
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firefighting station to any pixel in the area compared to the map where a set of firefighting stations
is used. These accumulated cost maps are computed in advance as the intermediate results during
raster data pre-processing, as explained previously. For this analysis we also need the rasterized
location of each resource point. In IDRISI raster GIS the PATHWAY function is used to find the least
cost path between two points. The least cost is expressed in minimum travel time, not in minimum
distance. After finding the optimal (least cost) path, the travel time can also be computed by
summing the travel times through each pixel along the path. Again, this needs to be done separately
for each type of vehicle. These per-pixel travel times are contained in the cost maps. We can also
compute travel times to locations off the road network, since we are using a raster-based approach,
which gives travel speeds not only along the road network, but also across the off-road terrain (i.e.
walking speeds). This can be done by using the IDRISI EXTRACT function on two input maps (cost
map and best path map) with the option “Total (sum)” switched on. The process is shown in Figure
26.

Figure 26: Process workflow to find the optimal path as used in the raster-based approach
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5 ICT TOOLS
5.1 Map Viewer
A Public Information System (PIS) is a system designed to present information to the public or large
audience all at the same time. The main objective is accurate, timely and consistent information for
the public.
Also, PIS are designed for the general public, rather than specialists in a particular field or
organization.
The map viewer (web application) was created to accomplish these objectives, completing the
information provided in the project web; thus, we can fulfill the following requirements:
Display the data collected in the field related to rural roads and infrastructure, focusing on
their capacity to allow the passage of emergency vehicles. Also display information
associated with road conditions.
Share this information to the general public and make it available for further usage.
Provide a tool to obtain geographic information from other sources.

Components of the web application:
Technology:
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Hardware:
o Client side: can be used with computers, tablets, smartphones and any device with
an Internet connection.
o Server side: server
Software:
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Data storage

PostgreSQL/PostGIS

https://www.postgresql.org/

Geospatial data server

Geoserver

http://geoserver.org/

Main library (maps)

Leaflet

http://leafletjs.com/

Framework

Bootstrap

http://getbootstrap.com/

Technology
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Markup language

HTML

Style sheet language

CSS

Language

JavaScript (JS)

Data:
o Base map:
o Inventory information:
o Additional layers
o External links
Communication channel: Internet

https://www.w3.org/standards
/webdesign/htmlcss
https://www.javascript.com/
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Description of the application:
It comprises of a header with the project logo, a series of tools and the about section, a central part
with the map and a series of lateral buttons.

Header: Measure, zoom area, full screen and download tools are included. The about section is also
available here.
Map: The initial zoom includes the pilot areas from Greece, Slovenia, Italy and Spain.
The graphic scale (lower left), the geographical coordinates in ETRS89 (upper right), navigation tools
and layer manager (upper left) are displayed on the map. The graphic scale shows a graphical
representation of the scale being displayed on the map. The coordinates of the location of the
mouse pointer on the map are shown in the upper right corner of the map. These coordinates are
shown in geographical (latitude/longitude) format. The datum of the map is also indicated. The
base map by default is Open Street Map (OSM).
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5.2 Navigation system
The main product of deliverable D4.3 is the software used for displaying a vehicle’s real-time
position on onboard tablets or in the coordination center, on different cartographies and
accompanied by different tools, navigation tools among them.
There are different versions of the software: one paid with complete functionality and implemented
by ONF on its territory, and another totally free which will be available for anyone interested in
such a project. These two versions are described in the document, and the installation and user
manuals of the free version are added in the annex to this document.
There is also a paragraph exploring the possibilities for improving the navigation tools.
5.2.1

Complete solution developed for the south of France

This solution enables the use of our forest road network in operational tools at three levels:
- In the vehicle (Figure 27) in order to better know where it is and where the equipment is
- In the operational command center to better know the position of all the vehicles and to send the
appropriate vehicle to a fire (the nearest vehicle or the one with the shortest travel time)
- Out of the fire season to better organize the operational preparation
Device specifications: In lieu of many “off-the-shelf” geolocation solutions which use an electronic
case with GPS chip and GPRS chip, we chose to use tablets in order to also have onboard
applications.
The device selected is a SAMSUNG GALAXY TAB ACTIVE 8’’ tablet running Android 5.1. with mobile
data connection (4G but GPRS is adequate).
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The GPS component of this tablet is of good accuracy (analysis of the test area resulted in 95% of
the positions being less than 8 meters from the axis of the road).

Figure 27: Device installed in the vehicle

Two specific applications are installed on the tablet:
- One for mission reporting, developed under the open source CYBERTRACKER software
(www.cybertracker.org) (for documentations and mission recording, not the object of the project).
- One for geolocalization, which records and sends GPS positions and shows the current position on
a specific cartography.
This on-board application (Figure 28) has two functions:
=> Record positions every 8 seconds and then send these positions every 30 seconds to a central
server. If there is no data connection, it keeps the positions and sends them in packs as soon as the
connection is restored.
=> Display live position on specific maps including topographical map and orthophoto, along with
data specific to fire prevention (unavailable in classic solutions such as Google Maps).

69

FORCIP+ ECHO/SUB/2015/718661/PREP20 11-12/02/2016

In addition to position display, the application has other features detailed in the deliverable: display
of coordinates, possibility to send status or alarm.

Figure 28: View of the on-board application

The visualization software (called LIO) is used in the operational command centers but also by the
supervisors. It is entirely web accessed, but some mapping elements are stored in the cache on the
computer to speed up loading on each startup. There is a complete version for a PC that will be
described in more detail in the following pages and a light version for a smartphone (using only
Google Maps with no specific maps).
The real-time positions and status of vehicles are displayed on different maps (Figure 29) depending
on the scale (topo or orthophoto), and the cartography includes data specific to fire prevention
(unavailable in classic solutions such as Google Maps), integrated on maps or managed as POI (the
POI can be imported or directly drawn on the map).
A vehicle’s position history can be viewed on the map or downloaded in .csv format for further
statistical or geographical (in GIS) analysis. Reports can also be generated which include passage
close to control points.
This application also provides coordinate display, geographic tools (distance and area measures),
status display and alarm.
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Figure 29: Display of vehicles on the map in visualization software.

Navigation tool: By clicking on a point, a list of the closest vehicles to this point can be obtained.
Upon choosing a vehicle from this list, the tool draws the route from its position to the point clicked
(Figure 30).
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Figure 30: Navigation tool: route drawn for the selected vehicle

5.2.2

Free software

In addition to the previously described paid tools, a light version of these tools has also been
developed and will be downloadable free of charge from the project’s website. The installation and
user manuals are added in the annex to the deliverable.
This system works with several tablets, with software (GPS tracker) installed on each one.
The principle behind making it independent from a central server and from a paid use is that all
tablets send information to a single PC connected to Internet where the visualization software
(LIO_LT) is installed, and the PC functions as the server.
Visualization can be done from this PC or from another device via a web browser (using this PC“server” IP address) or by installing LIO-LT.
It is important to notice that there is no stocking of position data when there is no connection, so
the tablet and PC must always be online.
The default version does not include specific cartography, but it is possible in the parameter page
of the visualization software to change the cartography and to display Google Maps or Satellite or
maps from GeoServer WMS with two call types.
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5.2.3

Improvement of navigation tools

The navigation tool used is LIO, like other navigation tools, it relies on a road database that does
not include all of the forest roads. Even if the forest roads are displayed on the cartography, they
are not integrated in the navigation engine. When a destination is chosen that is supposed to be on
a forest road that is not in the navigation engine, the route goes through a public road or the
eventually integrated forest road closest to this point then go straight without taking into account
any road.
This justifies the need for navigation ready forest road datasets integrated in the navigation engine.
This was one of the goals of the FORCIP+ project, and the results of this project represent milestones
along the way of reaching it.
The following points highlight some interesting paths to follow.
OpenStreetMap is not only a navigation solution but also a huge database that can be completed
by anyone in the context of a cooperative system. This database is usable online but also
downloadable for use in other applications. We tested the creation of a forest road and navigation
to a point located on it. This successful test combined with the possibility of importing shapefiles in
OpenStreetMap (http://wiki.openstreetmap.org/wiki/Software_comparison/Import_a_shapefile)
represent a substantial improvement, because if we have a good quality forest road dataset
compatible with OpenStreetMap, we can upload it and then use the navigation engine. Moreover,
for LIO we could use the OSM dataset (downloaded after adding forest roads) in the navigation tool
instead of current road data.
A successful test was also implemented in collaboration between the development team at ESRI
(the company producing ARCGIS) and ONF’s national geomatics specialists to read the data flux
coming from the central server alimenting LIO and to display the positions on the GeoEvent
Processor tool. The test showed that it is possible to obtain positions in real time and also to obtain
historical data. The GeoEvent Processor tool makes it possible to read the position data on all
ARCGIS tools such as ARCGISserver, which allows consultation of online cartography. Then, if we
use a topologically correct forest road database, we can use the ARCGIS spatial analyst tool to
navigate on it.
These different tools provide all the building blocks to build a system in-house at ONF that is
equivalent to the current LIO software. Even if it is a long-term development project, it is another
solution to consider, and it is reproducible by other organizations that use ARCGIS (or even with
other GIS applications such as QGIS, which is free but unexplored).
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5.2.4

Conclusion

Based on the results of this deliverable we can conclude that ONF has developed an operational
system that can be used as a model for developing equivalent systems in other countries. Even if it
is not as useful, the free software is available to anyone interested in starting a geolocalization
project, and the navigation tools are ripe for improvement.
This deliverable includes all the necessary information to implement a geolocalization system.
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6 LESSONS LEARNED
6.1 France
All of ONF’s first intervention vehicles (about 100) have been equipped with an onboard android
tablet displaying the patrol’s real time position as well as various operational maps (topographic
map, firefighting roads, water points, etc.). The location of the vehicle can be seen on the tablet
screen but is also automatically sent by GSM to the central coordination center.
These devices have brought a real benefit in several areas: patrol safety, intervention efficiency and
overall improvement in fire prevention coordination.
After the firefighting season, all the position data gathered by the geolocation tools were used to
analyze several metrics that were not well known.
For example, the real field coverage of the ground patrols has been mapped, and this has
highlighted the need for changes to be made either in the patrol borders or in the way the patrollers
use to cover the area.
Another lesson learned after compiling all patrol positions has to do with average firefighting truck
speed. The project revealed figures that were quite different from what was expected. For example,
it was once thought that the average travel speed for a light pick-up truck on a good forest road
was close to 40 km/h. However, the data gathered during a complete firefighting season show that
this average speed is in fact closer to 25 km/h, even for tracks with the best firefighting traffic
capacities. Additional tests done with bigger trucks showed that the travel speed difference ratio
between the two types of vehicles borders on 75 %.
In southern France, GIS databases for firefighting roads and related equipment began to be built
about 20 years ago. The first goal of these collections was to print operational and easily updatable
maps showing firefighting traffic capacity. This objective has been achieved. However, using this
type of data to make advanced calculations involves automatically linking GPS positions to GIS lines
and retaining correct and accurate topologies. Unfortunately, the dataset used was not of the
required quality, which resulted in quite a lot of preparation work.
Currently, the French Geographical Institute is building a metric national database that includes a
road layer of the required geometry. However, it lacks the proper attributes to calculate firefighting
traffic capacity. Therefore, one of the future tasks to be carried out in France should be to translate
existing firefighting attributes to the national road database geometry. This work requires GIS
developments that must be at least partially automated.
Finally, the new complete dataset would represent the best basis from which to compute accurate
navigation and travel times, as was tested by SFI within the project. It could also improve the
understanding of the various factors influencing travel speed (sinuosity or slope indices).
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The French system could also be improved by including updating field tools for GIS databases.
Thousands of kilometers of forest roads must be surveyed. This implies a methodology to
determine the right sample each year. This could be based on meteorological damage assessment,
for example. Updating such databases also requires a field application such as the one used by
Cesefor for primary data collection. This could be a further application of the FORCIP+ results in
France.

6.2 Greece
Overall, the implementation of the road inventory allowed the Greek team to obtain experience in
the procedures that should be followed for operational road inventories, to identify the strengths
and weaknesses of the approach, and to build road characteristic interpretation keys (Figure 31 to
Figure 34) to apply the approach to wider geographical areas.

Figure 31: Typical barrier identified within the Greek study area

Figure 32: An example of dead ends identified within the Greek study area

76

FORCIP+ ECHO/SUB/2015/718661/PREP20 11-12/02/2016

Figure 33: Typical “narrowing” situation within the Greek study area

Figure 34: Good (upper left), sufficient (upper right) and poor (lower left) road conditions as identified within the
Greek study area

The implementation of the road inventory in Greece was carried out mainly during the autumn
season. We identified several issues related both to the “internal” and “external” parameters
affecting the process. With respect to the external parameters (i.e. parameters that are not related
to the technical characteristics of the software/hardware components of the FORCIP+ approach),
problems were identified regarding the accessibility of the road network base cartography. More
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specifically, several road segments that had previously been identified and digitized over WMS
imagery were only partially accessible. This is mainly due to the elapsed time (ranging between 6
and 8 years) between image acquisition and field activities. We could deduce that during this period
there were no road maintenance or rehabilitation activities on these particular segments.
Also, part of the digitized road base cartography was not inventoried during the field campaign due
to stormy weather in early autumn, which caused cracking, rutting and poor drainage on the road
surface. However, since it is likely that these road segments will not be maintained until the
beginning of the next fire season, this finding highlights the need for the proper scheduling of field
activities in order to deliver accurate information to end users.
Finally, some missing data issues were identified. This could be related to the need for field staff to
be trained in the early stages of the inventory.
With respect to the hardware solution employed for the forest road inventory, the quality of the
GNSS chipsets in the tablet devices resulted in positional inaccuracies and errors that affected both
the overall spatial and thematic accuracy of the process as well the effort required for postprocessing of the data. To avoid such errors, proper technical characteristics of the devices should
be described beforehand.
Regarding the software solution employed, the two software solutions developed in the FORCIP+
consortium for field sampling were fairly user friendly and easy to use, but the development of a
software solution that relies on only one tablet device would likely be more cost and time efficient
and should be explored in the future.
Overall, the process is straightforward and transferable across regions with different
characteristics. An attractive feature of the approach is the minimum time needed for training field
crews in the use of the forest road inventory solution. This is also related to the efficient forest road
feature typology and standardization introduced within FORCIP+. More specifically, the domains
selected are mutually exclusive, easy to understand and implement, and no previous experience is
necessary for the crews to implement the inventory.

6.3 Italy
Forestry falls under regional authority in Italy. The central administration makes general laws, which
each region must develop depending on their administration needs. For this reason, in Italy there
are numerous laws regarding forest management and activities (one for each of the 19 regions and
the 2 autonomous provinces).
This is the main reason there is no national and unique database with information on forestry and,
consequentially, no aggregated information regarding forest roads. Moreover, each region has
different approaches to archiving data and not all of them have complete and reliable data
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collection on forests and related infrastructure. In some cases, information on forest roads is
available, but differences also exist in these cases. In this context, the procedure developed in
FORCIP+ offers the Italian administration an important and practical example for determining a
unique and functional method of data collection. The different strategies of data collection tested
(field survey and adaptation of existing data) have different pros and cons. The field data collection
furnishes the best data possible, but there are huge expenses related to the time spent for this
activity. Moreover, field activities are subject to unexpected events, such as damage to the vehicle
when exploring unknown tracks, delays due to bad weather conditions and so on. In contrast, the
adaptation of existing data is more convenient than field surveys in terms of costs, but extracted
data are not as precise or reliable.
The data update and visualization tools developed have yielded very good results in terms of
reliability and usability. The Satellite Navigation System (SNS) increased the preparedness of crews
to reach the emergency site, but there are some aspects that could be improved in the future.
Firstly, it would be desirable to develop a completely open access system that could be used on
both Android and iOS mobile devices. Moreover, the functionalities of the SNS could be improved
with a user friendly interface that would allow the user to include or exclude specific roads or
specific categories of roads (such as excluding roads having a width of less than 2.2 m, or including
only FTC1 roads). Finally, an autonomous SNS (similar to Google Maps) able to calculate and
navigate the best track should be substituted for the actual track where the navigation system is
not supported by mobile devices and a “human navigator” is necessary in a remote position.

6.4 Slovenia
In Slovenia a forest road information system containing forest roads, fire protection roads and skid
trails already exists. During the development of the system we created a web application for
collecting, displaying and editing data. Graphical data and some attribute data related to the
previously mentioned roads have been progressively collected over the last decade, starting with
forest roads, followed by fire protection roads and finally skid trails. The main problem we face is
the lack of attribute data, since our main focus was on the collection of graphical data. Therefore,
the first important result of the FORCIP+ project and also our recommendation is to collect
graphical and attribute data simultaneously.
To obtain all the necessary roads for fire protection and firefighting, data on all different types of
roads must be incorporated into our system, i.e. public roads in addition to forest roads. In Slovenia
this is not a problem, but we learned that there are some roads for which no one is formally
responsible, and consequently no one is responsible for collecting data on them. To fill this gap we
introduced a new category of roads called “no man’s roads” (Figure 35). For the purposes of the
project and especially to obtain complete data on roads important for fire protection, we collected
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data on these roads in the pilot area. Now that we have this category in the system, we will continue
the work for the country as a whole.

Figure 35: So-called “no man’s road” – green color

In connection with the data model we do not have problems introducing the data model of FORCIP+
into our system. Most of the data in both models are similar, so we are able to use them for the
project purposes and vice versa. We have added into our system some additional code lists from
the project (and we will use them in the future as well), the most important among them being
definitions of road types. We think that with some adjustments the FORCIP+ data model could also
be useful for other users.
The main issue concerning such a database system is the question of the accuracy of the road line.
In other words, how accurately can the line of the road be determined? In Slovenia we have
experience with collecting/digitalizing roads from different sources, mainly digital orthophoto, and
also with collecting lines with a GPS, and we have experienced problems with accuracy. Recently,
we have used a LiDAR layer (Figure 36) to correct lines and to add some that were missing. In the
future we plan to use GPS of better quality to upgrade the system with new lines.
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Figure 36: Road line digitalized from DOF in the LiDAR layer
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6.5 Spain
Cesefor has previous experience carrying out road inventories, but the project has allowed us to
test new field data collection methods using a smartphone/tablet as a replacement for traditional
methods. ICT technologies and the entire architecture created with open source software when
possible represent an advance in this field, although there is still progress to be made and
improvements should be continuously sought.
The project’s approach to field data acquisition is to use mobile applications to fill in forms and link
this information with its geolocation. This is an improvement over traditional methods, and the
information collected is more accurate and detailed than that obtained by other means, but this
data collection phase requires a great deal of work and time. Accordingly, the next steps must focus
on decreasing the time needed for data collection. The use of mobile device sensors, especially
smartphones, for steadily collecting data while driving is a new approach. The maintenance of
inventories usually requires a huge effort, and new methodologies must be implemented to
accomplish this.

Forest roads suffer from a lack of standardization in their design and construction due to their
multiple functions; therefore, it is impossible to establish a unique classification such as that used
for conventional roads. In addition, each country has developed different classifications adjusted
to its own circumstances. Thus, there is a classification for each purpose and area. This project has
addressed this issue with a common road classification for forest firefighting purposes by
establishing three general classification levels. The necessary generalization leads to a loss of
accuracy, but further detail can be added in each region with subcategories of this classification.
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The software used in the project has been open source when possible or at least freely available.
Thus, replicability by third parties is assured. The field data acquisition phase is carried out with
geoODK to collect the relevant data on roads and infrastructure. A server side is needed to send
the data and download the customized forms. The feasibility of the method has been proven in the
field, making it an alternative to traditional paper and map. However, it still takes considerable
time, being the most time-consuming stage of the project. Any improvement in this phase will lead
to a reduction in expenses and should be pursued.
The management of spatial data and its dissemination is appropriate and is not problematic.
PostGIS can handle spatial data and provides centralized storage accessible to any user, as well as
the possibility to upload this data though geoserver.
Once the map viewer has been built, the architecture set out in the project facilitates quick
information transfer from the field to the general public thanks to the web application and the
spatial database connection.
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GLOSSARY
Technical terminology on forest fires and forest roads is reported below. The majority of terms are
from the European Glossary developed under the INTERREG IVC Project “EUFOFINET” (Stacey,
2012) and from the “Forest Road Manual Guidelines for the design, construction and management
of forest roads” (Ryan et al., 2004).
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Access: a point of entry, exit and/or route to an incident location;
Accident: an unexpected and undesirable event that causes injury or illness to a person or
persons and/or damage to property or the environment;
Aggregate: a general term for mineral particles which through the agency of a suitable
binder can be formed into a solid mass;
All terrain vehicle (ATV): any motorized vehicle designed to travel on four low pressure
tires on unpaved surfaces, having a seat designed to be straddled by the operator and
handlebars for steering control;
Altimetric sinuosity: index calculated by comparison between planimetric length and real
length. Altimetric sinuosity = (RL-PL)/PL, where PL = planimetric length and RL = real
length. Its value tends to 0 for a flat terrain, but once again no evident result.
Altitude range: difference between altitude max and altitude min
Aspect: the side or surface facing a given direction;
Available fuel: the proportion of the total fuel that would burn under specified burning
and fuel conditions;
Average slope: average slope for a pixel is the mean of the slopes calculated from the
difference of altitude between this pixel and each one of the 8 pixels surrounding it
Base: surfacing material in the pavement in unbound roads;
Baseline: the initial line of fire ignited along a control line to contain and control
subsequent burn operations;
Bottleneck: A (traffic) bottleneck is a localized disruption of vehicular traffic on a road. A
bottleneck is a result of a specific physical condition, often the design of the road, poor
maintenance or sharp curves
Breakout: the escape of a fire from an area of containment;
Burn severity: a qualitative assessment of the level of heat generated by a fire/burn and
the resulting impact on a fuel;
Burning conditions: the state of the combined components of the fire environment that
influence fire behavior within available fuels. Burning conditions are usually specified
according to the factors of aspect, weather, slope/topography, and fuel type and load;
Carriageway condition: An assessment of the overall conservation status of the
carriageway related to vehicle accessibility in the near future.
Carriageway surface type: Structural material of the carriageway including silty clay,
rocky ground, gravel or similar, bitumen-based material or other type of material.
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Carriageway: that portion of the road devoted particularly to the use of vehicles, inclusive
of shoulders and auxiliary lanes;
Chain of command: the line of authority and responsibility along which operational
orders are passed. Also commonly referred to as “line of command;
Condition of vegetation: stage of growth or degree of flammability of vegetation that
forms part of a fuel complex. This will be dependent upon time of year, amount of curing
and weather conditions;
Controlled fire: a fire with a secure perimeter, where no breakouts are anticipated;
Critical point: this is a point in time or space when/where there will be a significant
influence on fire spread, rate of spread and/or fire intensity;
Cross section: the profile of the ground more or less at right angles to a traverse or main
directional line;
Culvert: one or more adjacent pipes or enclosed channels for conveying a watercourse or
stream below formation level;
Drainage: the provision of channels to remove excess water or to lower the water table to
a level below the road and to prevent the ingress of water in the future;
Earthworks: all operations involved in loosening, removing and depositing or compacting
earth, soil, or rock: or the material when so placed.
Embankment: a raised mass of soil or rock used to carry a road over low areas;
Escape route: a pre-planned route to be taken in the event of unforeseen hazardous
circumstances (for instance, an unexpected change in fire behavior). An escape route is an
important part of an escape plan;
Estimated time of arrival (ETA): The predicted time that a resource will reach a specified
destination;
Extinction: the ceasing of the combustion process, either naturally or as a result of
suppression activities;
Fine fuels: Fast-drying dead fuels which are less than 6mm in diameter. Fine fuels ignite
readily and are rapidly consumed by fire when dry. Examples of fine fuels include: grass,
leaves, ferns, mosses, pine needles and small twigs. When dried, fine fuels are referred to
as flash fuels.
Fire activity: description of a fire based on an assessment of visible evidence, including
the speed of the fire, flame length, flame height, fire severity, and fire behavior;
Fire edge: any section of the fire perimeter;
Fire effects: the physical, biological, and ecological impacts of fire on the environment;
Fire hazard: any situation, process, material or condition that can cause a wildfire or that
can provide a ready fuel supply to augment the spread or intensity of a wildfire, all of
which pose a threat to life, property or the environment;
Fire intensity: the rate at which a fire releases energy in the form of heat at a given
location and at a specific point in time, expressed as kilowatts per meter (kW/m) or
kilojoules per meter per second (kJ/m/s);
Fire perimeter: the entire outer boundary of a fire;
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Fire risk: the probability of a wildfire occurring and its potential impact on a particular
location at a particular time. Wildfire risk is calculated using the following equation: Fire
risk = probability of occurrence x potential impact;
Fire: is the product of the chemical reaction of combustion. The three factors of fuel,
oxygen and heat must all be present in the correct proportions for combustion to occur.
When the combustion process is initiated, heat and light are emitted and a fire occurs.
Firebreak: an area on the landscape where there is a discontinuity in fuel which will
reduce the likelihood of combustion or reduce the likely rate of fire spread;
Firefighter: any competent person deployed at a wildfire incident to undertake
assignments that contribute to fire suppression operations;
Firefighting Traffic Capacity: the capacity of the road to support different types of
emergency vehicles. The vehicle classification is directly linked to the traffic capacity
First attack: suppression work completed by first responders arriving at a wildfire
incident. The intention of any initial attack will always be to quickly gain control of a fire.
If an initial attack is unsuccessful then a prolonged attack strategy might be required;
Foam: A mass of bubbles formed by mixing specific proportions of air with water and a
foam concentrate. It can be applied to smother and cool parts of a fire and/or to prevent
ignition within a fuel;
Fuel continuity: the extent to which fuel arrangement will support fire spread;
Fuel load: the amount of fuel present within a particular area. Fuel load is measured in
weight per area measured (usually in kilograms per square meter). Fuel loading is
expressed in relative terms as either “heavy fuel loading” or “light fuel loading”;
Fuel management: the process of managing fuel or fuel arrangement. The aim of fuel
management is usually to create a discontinuity in fuels to achieve fragmentation;
Fuel treatment: the deliberate manipulation or removal of fuels using one or more of a
variety of different means to: i) reduce the likelihood of ignition, and/or ii) reduce
potential fire intensity, and/or iii) reduce potential damage, and/or iv) assist suppression
activities;
Fuel: any material that can support combustion within a wildfire environment. Fuel is
usually measured in tons per hectare;
Gradeability: the steepest grade a vehicle can climb with a full load;
Gradient: the angle or steepness of a slope;
Hose: a flexible and collapsible tube used for transporting liquids under pressure;
Hydrant: A fire hydrant, also called fireplug, is a connection point by which firefighters
can tap into a water supply within forest (and non-forest) areas;
Indirect attack: any suppression methods implemented away from the fire edge;
Intersection: the place at which two or more roads cross;
Longitudinal slope: this is the mean of the 2 slopes calculated from the difference of
altitude between this pixel and the pixels connected by the road;
Minimum turning radius: is the radius of the smallest circular turn (i.e. U-turn) that the
vehicle is capable of making;
Mop up: the act of extinguishing a fire after it has been brought under control. Mop up
involves carrying out all necessary actions to prevent re-ignition;
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Nozzle: device attached to the end of a hose that directs, shapes and regulates the flow of
water and/or fire fighting chemicals;
Passing place: a place on a single-track road or bridge, which is only wide enough for one
vehicle, where two vehicles travelling in opposite directions can pass each other;
Pavement: constructed layers of a road surface which reduce/disperse loads to levels
which are within the bearing capacity of the subgrade;
Planimetric sinuosity: It is calculated by comparing the real length (RL) of a segment and
the direct length (DL) by straight line between its 2 extremities. SR = RL/DL. Range from 1
(straight) to infinite (extremely sinuous);
Point of ignition: the exact physical location within the area of origin where a wildfire was
first ignited;
Preparedness plan: a pre-determined scheme or program of activities which is
formulated in order to satisfactorily prepare an organization or a geographic area to
respond effectively to wildfire incidents;
Prescribed burn: planned and supervised burn carried out under specified environmental
conditions to remove fuel from a predetermined area of land and at the time, intensity
and rate of spread required to meet land management objectives;
Ridge: a narrow, pointed crest formed by two opposing slopes;
Road Restrictions: Possible restrictions (road closures and seasonal restrictions) can be
found in forest roads due to different causes (i.e. weather, remediation works,
recreational events, disasters, illegal activities prevention);
Segment road object: Lineal element which is the minimum functional unit of the
network. In general terms, a segment is an entity located between two nodes. These
nodes will be determined by the FTC attributes or dead ends;
Slope effect: Variations in fire behavior induced by slope. Slope can both support and
hinder fire spread and development and the angle of the slope will have an important
influence on the degree of effect. The following descriptions explain the general slope
effect that would be expected from a fire spreading upslope and a fire spreading down
slope: i) Fires spreading upslope –The flames of a fire spreading upslope will be angled
towards the unburned fuel above it which will pre-heat the fuel in front of the advancing
fire. This pre-heating increases combustibility and rate of spread for fires travelling
upslope; ii) Fires spreading down slope - The flames of fires burning down slope will be
angled away from the fuel and will, therefore, lead to less preheating of the fuel in front
of the fire. Consequently, the effect of slope on a fire burning down slope is a reduction in
combustibility and rate of spread;
Supply area: the location where the primary logistics functions and supplies required for a
wildfire incident are temporarily stored, coordinated and administered;
Suppression: all work involved in controlling and extinguishing a wildfire;
Tactics: the deployment of resources at a wildfire incident to achieve the aims of a fire
suppression plan;
U-turn: refers to performing a 180° rotation to reverse the direction of travel
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Water point: Water storage facilities (infrastructure), including either water storage tanks
(i.e. folding frame tanks, self-rising onion tanks, pillow storage tanks), raw water storage
ponds and lakes.
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APPENDIX A – ITC TOOLS USERS’ MANUALS

A1: MAP VIEWER
User manual (help section):

Download: a new window is displayed where thematic layers and formats available will appear
when selecting this section located on the right side of the header.

Full Screen: this tool allows visualizing the application in full screen.

Zoom Area: This tool will zoom the map to a specific area, creating a frame by pressing and moving
the cursor.

Measure: This tool allows performing measures in the map.
A dialog box will appear after clicking on it, what allows closing the tool or creating a new
measuring.
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To create a new measuring, we will click on the map creating points and we will finish by using the
finalize option shown in the dialog box.

When adding points and when it is finished, distance and area data will be shown.
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If we click on any measuring, we will be able to delete it or zoom in to it.

Initial view: by clicking this button the initial zoom is restored.

Navigation buttons (zoom +/-): These two buttons (+ and -) allow to modify the current zoom of
the map by zooming in or zooming out.

Layer manager: Clicking the icon will show/hide the sidebar, which will give access to the
management of all the cartographic information.
All the features in this sidebar are detailed in the section below.

99

FORCIP+ ECHO/SUB/2015/718661/PREP20 11-12/02/2016

Thematic layers: it will show a list of the different groups of thematic layers available in the Map
Viewer. It allows displaying each group and adding or removing themed layers in the view.

Active layers: by means of this button we can manage the visualization and presentation of the
different layers that are part of the map in each moment. These are the active layers.
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This list presents the following functions:
It allows to show/hide certain options to interact with the layer (detailed
below)
It allows to show/hide each layer in the map
Change the display order of each layer. To do it press and drag to the
desired new position
Change the opacity/transparency of each layer
Access to the window with the summary metadata of the layer and the
metadata tab
There is an image with the symbology corresponding to each layer: the
legend
Finally a button is offered to delete each layer of the map

Base maps: A list of base maps is available. Corresponds to Open Street Map (basic and gray),
Google maps (Hybrid, Satellite, Terrain and Street). There is the possibility to select a map with
white background.
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The selected map will appear with a thicker, highlighted in green border.
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External map service (WMS): This tool allows adding external layers to the map, using the WMS
protocol.

We can choose from a predefined list.

Or if we have the data, we add it by entering the URL of the WMS service.
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In this section the application offers links to different websites of the involved project partner
countries.
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Hide sidebar: This button hides the sidebar of the application and expands the display space of the
map.

This guide can be found in the about section of the application.
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A2: GPS TRACKER INSTALLATION MANUAL
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A3: LIO LT CONFIGURATION MANUAL
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A4: LIO LT USER MANUAL
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